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pedometers. Comparisons of pedometers to the established criterion scores (validity) yielded correlations ofR=0.84 (F=l .85, p=.18) for the left pedometer and R=O. 79 (F=S. 71, p=.02) for the right pedometer. Follow-up ANOVA indicated a significant difference between pedometer and criterion scores for the right pedometer but not the left.
Under the conditions of this study, the pedometer worn at the waist level directly above the left leg provided reliable and valid measures of walking steps taken during typical everyday activities. The pedometer worn on the right side of the body underestimated the number of steps taken. Further research on the influence of leg dominance, surface, shoe type, pedometer brand, and gait is needed. 
INTRODUCTION
Physical activity and the role it plays in the prevention and treatment of disease has received increasing attention in the last several years. Evidence is continuing to accumulate describing the significant role of physical activity and physical fitness in the prevention and control of cancer, heart disease, diabetes, and osteoporosis (Blair, Kohl, Paffenbarger, Clark, Cooper, & Gibbons, 1989~ Leon, Connet, Jacobs, & Rauramaa, 1987 ). An important question concerns the relationship between physical activity and physical fitness. Physical activity may be defined as movement of the body either intentionally during exercise, or unintentionally during the execution of free-living movements while physical fitness may be defined as the ability of the cardiovascular, respiratory and skeletal-muscular systems to support large muscle rhythmic exercise at an optimal capacity. In order to study this relationship, an accurate measurement tool is needed. To date, no single tool or method has been demonstrated to reliably quantify freeliving activities, particularly the number of steps taken during a person's typical day. This shortcoming is due in part to the great variability in clothing, surface, shoe type, and type of activity. The present study was designed to evaluate how well pedometers, worn on the waist, measure the number of steps taken during activity in a typical free-living environment.
CHAPTER II

REVIEW OF LITERATURE
An association exists between the amount of regular exercise (activity), fitness level, and the health benefit received. As the amount and intensity of activity increases, so do the benefits to the body and its systems (Blair, et al. 1989 Blair, et al. 1989 ). Leon, et al. (1987) identified specific benefits of regular physical activity: it helps to maintain body weight, may be used as a substitute for smoking, improves high density lipoprotein (HDL) cholesterol level, decreases blood pressure, and improves the glucose-insulin dynamics.
The amount of physical activity that is needed to provide the protective benefits discussed above is under some debate. It has been recommended that a minimum of three days of aerobic activity per week with each session lasting at least 3 0 minutes and elevating the heart rate to 60%-80% of maximum is needed to achieve a positive effect on physical fitness (ACSM, 1990 , 1993) . It is important to note that these new recommendations were developed to encourage the 78% of the American population who are sedentary or inadequately active to get more physical activity and not to replace the pre-existing recommendation regarding the development of physical fitness. More activity in the typical free-living environment is seen as one of the major ways to meet these revised recommendations. Paffenbarger, Hyde, Wing, and Hsieh (1986) found that death rates in Harvard graduates declined steadily as energy expenditure on such activities as walking, stair climbing and sports play increased from 500 to 3 500 kilocalories per week. In studies comparing the caloric cost of different speeds of walking for the average size Japanese male ( 165-170 cm tall and 60 kg body weight), Hatano ( 1993) found that fast walking (125 steps/min) caused 432 calories to be burned over 10,000 steps. Hatano (1993) , identified walking 10, 000 steps per day as an adequate daily activity target for the prevention of cardiovascular diseases.
Although the benefits of exercise are fairly well understood, researchers have not identified the best method in which to monitor the amount of incidental physical activity that people do. Various measurement tools have been employed to date including:
pedometers ( Gretebeck, & Montoye, 1992; Hatano, 1993; Tryon, Pinto, & Morrison, 1991; Washburn, Chin, & Montoye,1989) , accelerometers (Haskell, Yee, Evans, & Irby, 1993; Klesges, Klesges, Swenson, & Pheley, 1985; LaPorte, Montoye, & Caspersen, 1985; Noland, Danner, Dewalt, McFadden, & Kotchen, 1990; Washburn, Janney, & Fenster, 1990) , heart rate monitors (Gretebeck, & Montoye, 1992; LaPorte, et al, 1985) , and journals, diaries, and self reports (LaPorte, et al, 1985; Paffenbarger, Blair, Lee, & Hyde, 1993) .
Activity monitors must be affordable, convenient, and easily understood if they are to be of any practical benefit. Klesges et al. ( 198 5) outlined four criteria that a measurement tool must meet in order to be considered useful in epidemiological research:
(1) it must measure what it is supposed to measure, (2) it must be reliable and consistent,
(3) it must be practical, (4) and it must not alter the population or the behavior under study.
To date, no single measurement tool is known to meet all of the criteria listed above. Each type of measurement tool used to date has met with criticism which keeps it from being widely accepted. Further, the reliability and validity of many tools has not been established.
Pedometers are a tool that potentially can meet the four criteria described by Klesges et al. (1985) . Of the variety of movements that most people do in the course of their normal day (e.g., arm movements, standing, walking, sitting, typing, eating, etc.), walking represents an important component of total daily activity. Pedometers provide more objective information about activity levels than do self-reports, questionnaires, or diaries since these methods rely on the memory and recall of the subject. Pedometers are relatively inexpensive and provide easy, understandable feedback on the number of steps that an individual takes. However, very little current work has been done to explore the efficacy of using pedometers to monitor daily physical activity.
CHAPTER III
METHODS
This study was designed to evaluate how well pedometers measure the number of steps taken during activity in a typical free-living environment.
Subiects
Common occupations and/or activities were chosen in which there was a high probability that a subject would be physically active most of the time during the period of observation. Forty subjects, 21 male, and 19 female, were selected as representatives of people engaging in these occupations or while doing some other free-living activity. In an effort to recruit subjects a number of small businesses in the area of the researchers' residence were approached for volunteer's. Approximately one-half of the subjects were recruited in this manner; the remainder of subjects were co-workers, neighbors, and acquaintances of the researcher. For a breakdown of subjects by activity, shoe type, and gender see Appendix A (sheets one and two). Each subject completed a medical information form, and signed an informed consent prior to participation in the study (Appendices B and C). If a subject was at work while being observed, the researcher also obtained the employer's consent prior to the subjects' participation (Appendix D).
Data Collection
A standardized set of directions were read to each subject describing what was to take place during the observation (Appendix E). The subject was fitted with three brands of pedometers located at the waist level in a position anterior and superior to the iliac spine. Each pedometer was attached to the belt or waistband of the pants or skirt. For purposes of comparison, another pedometer of the same model was worn in the identical position on the other side of the body (see Figure 1 for pedometer positioning). This position was chosen for the pedometers after pilot work showed it to be an acceptably sensitive location.
The same pedometers were used on all subjects. Pedometers used on the left side of the body on the first subject were used on the same side in all subjects and vice-versa. 6 When ready to begin, all pedometers were zeroed. At a signal the video recorder was started and the subject was told to begin doing his/her normal activity for a I 0-minute period. The researcher followed the subjects' movements with the video recorder wherever he/she went. At the end of the IO-minute trial the subject was asked to stop and stand still. The video camera was turned off and the researcher recorded the number of counts from each pedometer. After the counts were recorded the pedometers were reset to zero, and a second I 0-minute trial was repeated using the same procedure.
X:lX-.1.X,
Xi. X2, X3=Placement of pedometers 1, 2, 3 on the right side: Yi. Y z, Y 3 = Placement of pedometers 1. 2, 3 on the left side.
Subjects were videotaped using average grade video cassettes. All segments were taped with a Sony Slim Cam camera on normal (SP) speed.
After data had been collected on all subjects, the videotapes were replayed using a model GYYR time lapse video recorder and a Panasonic CT 1330m color video monitor.
Steps were counted during each I 0-minute segment with the aid of a hand-held counter.
To minimize bias when counting steps separate data sheets for the field trials and the videotape counts were used.
For purposes of this study, one step was defined as a movement which satisfied any two of the following three criteria: (I) The foot was raised off of the ground and traveled approximately one foot in any direction. (2) The center of gravity of the subject moved approximately one foot in any direction. (3) The foot was lifted in the air and struck the ground heel first. False steps and gather steps were not recorded from the video analysis based on pilot work which showed these movements to not affect pedometer counts. A false step was defined as a step which did not travel the specified distance and/or did not involve a heel strike. A gather, or balance, step was defined as a movement whereby the subject's trail leg moved even with the lead leg, usually in a slow and controlled manner to help regain balance and posture.
Data Analysis
For this study, data were analyzed from only one of the three brands of pedometers (X2, and Y2, Figure 1 ). Also, data on leg length were not utilized in this study. Data from the other pedometers will be analyzed and included in a more comprehensive study at a future date.
Data was analyzed using SPSS for Windows, release 6.0. An intra-observer reliability analysis was performed to evaluate observer reliability when determining the criterion counts. Intra-observer reliability was calculated as follows: The researcher recounted, independently, the number of steps taken on 10 randomly selected videotaped trials. The results of count number one and count number two were analyzed using intraclass correlation (R) with follow-up ANOV A. Intra-observer reliability was completed before any other data analysis in an effort to document the stability of the criterion measurement scores.
Pedometer counts were then analyzed for reliability. The first reliability analysis investigated trial-to-trial variance. Trial 1 pedometer counts (first 10-minute segment)
were compared to trial 2 pedometer counts (second IO-minute segment) from the same pedometer using intraclass correlation (R) with follow-up ANOV A. This established the amount of error variance between two trails involving the same subject, under similar conditions. Knowledge of the error variance between trials assisted in further analyses of reliability and validity.
The second reliability analysis was calculated to determine the consistency of the two pedometers using intraclass correlation (R) with follow-up ANOV A. The sums of counts from the left side pedometer for trials one and two were compared with similar sums from the right side pedometer using intraclass correlation with follow-up ANOV A.
Criterion validity was calculated using intraclass correlation (R) with follow-up ANOV A. For each pedometer, the sum of each subject's trial 1 and trial 2 counts was compared with the sum of each subject's trial 1 and trial 2 video counts.
An alpha level of. 05 was accepted as significant on all ANOV A trials.
CHAPTER IV
STATEMENT OF THE PROBLEM
The question of interest focused on the ability of a pedometer to accurately represent the number of steps taken in a variety of common daily activities.
It was hypothesized that: (1) The intraclass reliability estimates for trial-to-trial variance would be greater than or equal to R =O. 80 and there would be no statistically significant difference between trials;
(2) the intraclass reliability estimates for pedometer consistency would be greater than or equal to R =O. 80 and there would be no statistically significant difference between pedometers; and (3) intraclass correlation between pedometer counts and actual steps made by subjects during two 10-minute videotaped trials would be greater than or equal to R =O. 80 and there would be no statistically significant difference between measures.
CHAPTER V
RESULTS
The statistical results of this study are summarized in Table 1 . The raw data from the pedometer counts, including the intra-tester data can be found in Appendix F. In the analysis of trial-to-trial variance it was hypothesized that intraclass reliability estimates would be greater than R =O. 80 with a non-significant difference between trials on follow-up ANOV A. Intraclass reliability estimates indicated a correlation of R=0.87;
(F=l.51; p=.23) for the left side pedometer. For the right side pedometer, R=0.90, (F=.97; p=.33).
The intraclass reliability estimate for pedometer consistency, hypothesized to be equal to or greater than R =O. 80 with no significant differences between means, was calculated to be R=0.96. A significant difference between left and right side trials (F=6.46; p=.02) was found. The mean for pedometers on the left side was higher than the mean for pedometers on the right.
Criterion validity of each pedometer was hypothesized to be equal to or greater than R=0.80 with no significant difference on follow-up ANOV The outcome of the intra-observer reliability analysis indicated very high internal consistency in counting steps from the videotape. These results allowed the researcher to have confidence when using the criterion measure during subsequent reliability and validity analyses.
Trial to trial reliability estimates were also good and the research hypothesis was supported. Under the conditions of this study pedometers appear to give reliable results during repeated trials on the same side of the body. However, the analysis of pedometer consistency, in which counts from one side of the body were compared to counts from the other side, showed a different outcome. While the consistency correlation was high, a significant difference was found between trials on the left and right pedometers in terms of total number of steps that each recorded.
Reasons for this outcome are unclear. The influence of leg dominance may potentially be a contributing factor. The left side pedometer, in most cases, recorded a higher absolute value than did the right side pedometer. This may be due to the influence of the dominant leg in the gait pattern of the subject and should be investigated further.
Another possibility is that an instrument bias may have been introduced inadvertently through the consistent placement of the same pedometer on the same side of the body in all subjects. Thus, if one of these pedometers had been manufactured poorly, data from this pedometer would be faulty in all subjects. This possibility can not be ruled out but may be resolved when data on other pedometers is analyzed in a future study.
During the analysis of validity the issue of significant differences during follow-up ANOVA arose again. The significant difference occurred when the sum of the counts for the right side pedometer was compared to the sum of the criterion counts. Reasons for this are unclear.
A number of variables may have contributed to pedometer error in this study. One source of error is from the instrument itself The pedometer used in this experiment ("Walking Friend" TWlO by Citizen) was readily available at the time of the study.
Results from this study pertain only to this brand and model, and they cannot be generalized to all brands of pedometers. Further, various studies have found mechanical errors with pedometers, particularly arising from the spring used in the counting mechanism (Gretebeck, & Montoye, 1992; Haskell, et al. 1993; Tryon, et al. 1991 ).
However, Tryon et al. (1991) , has criticized this research for classifying all pedometers as invalid simply because some models have proven unreliable. This is an important point, as with any mechanical instrument quality control is very important. Some brands of pedometers are bound to be more accurate and useful than others.
Other sources of error, not controlled for, are the effects of extraneous variables such as clothing, floor surface, shoes, and non-detected gait abnormalities. Subjects with unusual gait patterns such as a limp, or subjects who walk primarily on their toes or heels were not included in the study. Surfaces were typical for the occupation/situation being observed and as such varied from one subject to another. See Table II below for a list of subjects by the type of surface in which activity took place. Shoes worn for the study were the same shoes that subjects wore on the day of the trial and varied from person to person. These potential sources of variability were not controlled for.
A number of unforeseen, and confounding issues arose which potentially affected the recording ability of the pedometer. These included: kneeling down, getting up from a kneeling position, going up and down ladders, shuffiing, side stepping, and walking backwards. On average these movements occurred in no more than 10% of the time that subjects were observed. Also of concern is the influence of short, soft, and fast steps on pedometer accuracy. Clearly each of these locomotive patterns need to be accurately counted by pedometers if they are to be useful in practical terms. Further research should examine each of these gait patterns in a controlled environment.
It is the opinion of the researcher that the influence of various types of waistbands and belts should also be explored further. Thickness, tension, and position of the waistband potentially may influence pedometer accuracy. Observation suggests that loose waistbands tend to reduce the effectiveness of the pedometers to record steps because of more "give" on foot impact. The influence of waistband or belt tension also should be explored in a more controlled environment.
Another influence on the ability of the pedometer to record steps taken was the waist size of the person. Pedometers are activated by oscillating vertical movements of the center of gravity only if the pedometer is in a vertical position itself Based only on observation, it is the opinion of the researcher that pedometers on larger waisted individuals tended to under-record the actual number of steps taken in any given tenminute segment. Such an underestimate of steps is believed to be caused by the pedometer being tilted out horizontally by the waist in such persons, causing the spring in the pedometer to lose its ability to react to the forces associated with the impact of the foot upon the ground.
The influence of shoe type and ground surface are also not fully understood. In some cases soft carpet, grass, and soft dirt surfaces may play a major role in the accuracy of the pedometer by reducing the impact force of the foot upon the ground. In other situations (e.g., hard carpet, linoleum, gravel, hard dirt, asphalt, and concrete) the influence of surface on the pedometer was not as easily observable. Shoe type may have different effects depending on the stiffness of the shoe and amount of cushioning. Again, to fully understand these influences each of these variables should be explored in a controlled environment.
Other suggestions for future research would be to explore the possible role of pedometers in the field of exercise science. Is the pedometer a tool that will play a positive role in behavior change? Can the pedometer be a motivation tool which encourages people to be more active? Is the pedometer a tool that lends itself to long term use by individuals? These are all questions that should be explored. 16 There are a number of areas in which the pedometer may be useful at the present time before the previously stated questions are answered: The pedometer can be a useful tool in studies designed to explore the impact of the amount of free-living activity on health and wellness. Pedometers can be used by people interested in monitoring their overall daily activity levels and using this information in weight loss or fitness programs.
Pedometers may also be used by instructors in physical education or fitness classes to monitor the activity levels of the group or of certain individuals. This information could in tum be used for evaluating the program or the participants compliance to the program.
There were two issues specifically related to subject involvement that need to be addressed if others intend to duplicate the methods of data collection and analysis used in this study. The first issue is one of subject recruitment. In order to observe subjects in a free-living environment the researcher initially began subject recruitment by approaching larger businesses in a typical metropolitan area. Two problems with this approach became readily apparent. First, businesses were reluctant to give permission for the researcher to approach employees regarding their involvement in the study. It appeared that business owners and managers held the perception that the research methods would be to disruptive to the work environment as well as to potential customers. In large businesses there were also issues surrounding the researcher's appearance in the place of business, such as possibly being in the way of customers and/ or making customers nervous. There was also difficulty finding people in larger businesses willing, or able, to give permission for the research to occur. The perception that problems may occur was a negative influence on obtaining subjects. In actuality, no problems associated with the researchers appearance or disrupting effect seemed to occur. More cooperation was found when private individuals and smaller businesses were approached regarding their participation.
The second issue involved the inhibiting effects on some subjects of being videotaped. All forty subjects were given specific instructions to disregard the camera and carry on with tasks normally. However, a small minority of the subjects seemed to be hesitant; these subjects seemed to change their gait patterns or slow down. 
